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FOREWORD 


Previous  studies  by  the  US  Army  Natick  Laboratories  in  the  laboratory  and 
overseas  indicated  that  the  use  of  Controlled  Atmospheres  could  improve 
quality,  reduce  spoilage  and  increase  the  storage  life  of  lettuce  shipped  to 
military  organizations  overseas.  In  view  of  these  results  it  was  decided  to 
conduct  laboratory  studies  on  the  effects  of  low-oxygen  atmospheres  during 
transportation  of  tomatoes  to  military  organizations  overseas. 

This  work  was  performed  under  Production  Engineering  2270.3;  Mr.  Harold 
Gorfien  was  the  Official  Investigator. 
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ation,  Salinas,  California  in  providing  the  test  Controlled  Atmosphere  chests. 
Assistance  of  the  following  personnel  of  the  US  Army  Natick  Laboratories  is 
acknowledged?;  W.  Henning  and  T.  DdJNicola  for  gas  analyses  and  product  testing; 
L.  Klarman  for  writing  programs  for  computer  calculations  on  data;  and  M. 
Driver  for  Color  Difference  Meter  Measurements. 
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ABSTRACT 


laboratory  tests  were  conducted  to  determine  the  effect  of  low-oxygen 
controlled  atmosphere  (which  is  carbon  dioxide  free)  on  tomatoes 0  Storage 
periods  approximating  tfe©  extended  overseas  distribution  time  of  3  to  8  weeks 
as  required  for  military  shipments  were  used®  The  tests  showed  that  the  use 
of  low  oxygen  controlled  atmosphere  would  lead  to  significant  reductions  in 
spoilage  <,  inhibition  of  black  spot  type  rot  similar  to  Alt  ©maria  rot,  im¬ 
provements  in  tomato  quality,,  and  as  much  as  2  weeks  additional  storage  life, 
when  compared  with  tomatoes  initially  stored  in  air  at  the  saira  optimum  £0°Fo  -» 
£>f>°F0  temperatures®  These  factors  became  apparent  from  1  to  t  weeks  after 
transfer  of  tomatoes  from  low  oxygen  controlled  atmospheres  to  IiO°Fc  airG  The 
break-even  point  to  defray  the  additional  cost  of  a  commercially  available 
controlled  atmosphere  method  of  shipping  is  estimated  to  be  in  the  range  of 
1®8$  to  3«3%  improvement  in  tomato  yield®  Bata  developed  in  this  investigation 
indicate  that  improved  tomato  yields  on  overseas  shipments  of  tomatoes  may  be 
anticipated  to  be  more  than  enough  to  defray  the  additional  cost  of  such  a 
system  for  shipping  fresh  produce  in  refrigerated  containers  at  low  levels  of 
oxygen  and  carbon  dioxide® 

It  is  concluded  that  sufficient  information  has  been  developed  to  warrant 
a  field  test  on  tomatoes  shipped  in  controlled  atmosphere  containers  to  military 


CONTROLLED  ATMOSPHERE  SYSTEM  LABORATORY  STUDIES  ON  TOMATOES 


Introduction 


Availability  of  good  quality  fresh  fruits  and  vegetables  to  meet  the 
requirements  of  military  personnel  is  of  concern  to  the  Armed  Forces.  Ex¬ 
tended  shipping  and  storage  periods  are  required  for  military  shipments 
overseas  compared  to  those  for  normal  distribution  to  civilian  markets  in 
the  continental  United  States*  As  a  result  perishable  products  will  ex¬ 
hibit  varying  degrees  of  spoilage  before  arriving  overseas.  Fresh  tomatoes 
are  among  the  important  food  items  supplied  overseas* 

For  the  6-month  period  from  July  1969  to  December  1969,  Defense  Personnel 
Support  Center  purchased  11,681,726  pounds  of  tomatoes  in  the  United  States* 
The  purchase  price  and  the  cost  of  warehousing,  handling  and  shipping  both 
CONUS  and  overseas  adds  up  to  a  considerable  sum*  Besides  these  purchases, 
additional  tomato  procurements  were  made  from  overseas  growers  in  order  to 
help  meet  the  military  supply  requirements  at  locations  outside  the  United 
States* 

It  used  to  be  difficult  to  obtain  optimum  50°F.  -  £5>°F.  temperatures  for 
tomatoes  in  Navy  Reefer  ships.  As  a  result  tomatoes  were  generally  not 
shipped  from  CONUS  to  overseas  military  organizations;  and  when  ttey  were 
shipped,  they  generally  arrived  in  poor  condition*  With  the  advent  in  the 
past  2  years  of  Container  vans  as  a  system  for  transporting  cargo,  it  be¬ 
came  possible  to  ship  tomatoes  at  optimum  temperatures*  This  has  led  to 
increased  shipments  of  tomatoes  to  military  units  overseas* 

Transfresh  Corporation  had  claimed  that  there  were  advantages  in  using 
their  TECTR0J>  controlled  atmosphere  system  (low-oxygen,  low-carbon  dioxide 
environment)  for  storing  tomatoes*  Since  previous  studies  at  NLA.BS  had 
shown  that  there  were  advantages  in  using  this  system  on  lettuce,  it  was 
decided  to  explore  the  feasibility  of  low-oxygen  atmosphere  (which  is  carbon 
dioxide  free)  as  a  means  of  shipping  tomatoes  overseas* 


TECTROL  is  a  registered  trademark  of  .Whirlpool  Corporation 


Previous  related  studies 


Within  the  past  two  decades ,  research  activity  involving  storage  of 
various  crops,  including  tomatoes,  has  increased. 

Research  on  fresh  produce  was  initiated  by  the  US  Naval  Supply  Re- 
search  and  Development  Facility  in  195k  (1).  Tests  were  conducted  on  New 
Jersey,  California,  and  Florida  grown  pink  tomatoes  rather  than  mature 
green  tomatoes  since  optimum  storage  temperatures  were  not  generally 
available  aboard  Navy  ships.  The  use  of  LSAT  cellophane  (moderate  mois¬ 
ture  vapor  retention)  lined  crates  for  packaging  was  found  to  result  in 
firmer  tomatoes  during  a  30~day  storage  period. 

The  Quartermaster  Food  &  Container  Institute  conducted  studies  in 
1936  (2)  with  tomatoes  in  different  stages  of  maturity.  The  results  showed 
that  mature  green  tomatoes  stored  best  when  ripened  gradually  at  33°F.  andt 
then  stored  at  32°F.  Where  transit  storage  temperatures  around  U0°F.  were 
involved,  best  results  were  obtained  with  pink  to  hard-ripe  tomatoes. 

Under  contract  to  the  Navy  the  US  Department  of  Agriculture  studied 
tomatoes  (3).  As  a  result  of  these  studies  conducted  aboard  a  Navy  reefer 
ship,  it  was  recommended  that  mature  green  tomatoes  bg  stored  at  38°F, 
until  firm  ripe  and  then  be  transferred  to  33°F0  -  33  storage. 

Literature  provided  by  the  American  Society  of  Refrigeration  Engineers 
(k)  shows  that  mature-green  tomatoes  cannot  be  successfully  stored  in  air 
at  temperatures  that  greatly  delay  ripening;  tomatoes  held  in  air  for  2 
weeks  or  longer  at  33°F.  may  develop  an  abnormal  amount  of  decay*, 

In  studying  the  effect  of  controlled  atmosphere  on  rot  pathogens  re¬ 
sponsible  for  tomato  decay,  Lockhart  (5)  found  that  most  fungal  and  bac¬ 
terial  rots  are  retarded  by  an  atmosphere  of  3%  CO  and  3%  O2.  However, 
Alternaria  tenius  was  reported  as  having  been  only^slightly  retarded,, 

A  firm  tomato  would  have  less  decay  because  it  has  less  tendency  to 
bruise  than  a  soft  tomato *  Investigations  on  Controlled  Atmosphere  storage 
by  Parsons  gt  a^  (6)  showed  that  tomatoes  stored  in  1 %  oxygen  atmospheres 
for  10  days  were  firmer  -  when  measured  by  a  USDA  mechanical  thumb  -  than 
those  stored  in  air.  No  significant  effect  on  flavor  was  found.  Color 
changes  were  also  inhibited  until  removal  to  air.  After  that,  color  ripen¬ 
ing  proceeded. 

Color  as  a  factor  in  tomato  ripening  was  studied  by  the  USDA  in  a 
series  of  12-  to  28— day  storage  experiments  involving  hypobaric  (less  than 
normal  atmospheric  pressure)  storage  (7).  In  on©  test  series  (a+  63 °F.  + 
3°F.)  with  pressures  ranging  from  190  mm  to  733  mm  of  Hg  and  21%  oxygen  ~ 
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levels,  red  color  development  was  inhibited  most  where  the  pressure  was  lowest. 
In  a  second  test  series  where  pressures  ranged  from  7£5  mm  to  180  mm  of  Hg 
and  oxygen  ranged  from  5%  to  21$,  red  color  development  was  mast  inhibited 
at  the  $%  oxygen  level  and  7#  mm  of  Hg.  Upon  removal  to  air  at  70°F.,  the 
red  color  was  found  to  increase  further  within  a  3 -day  period.  Holding  pink 
or  mature-green  fruits  for  over  6  days  at  320F„  was  found  to  .seriously 
damage  their  ability  to  turn  red  after  removal  to  70°F,  conditions  (8). 

In  a  series  of  tests  with  various  fruits  held  at  70 °F.  for  l£  days  in 
modified  atmospheres  (9)^  tomato  color  development  was  less  and  tomato 
respiration  rate  was  lower  when  storage  was  at  2%  0?  than  when  held  in 
air.  Exposure  of  fresh  produce  to  carbon  monoxide  for  periods  up  to  10 
minutes  has  been  found  to  lower  polyphenoloxidase  activity  (10).  Warehouse 
storage  with  controlled  atmosphere  generators  to  maintain  the  environment 
at  1,5$  to  3%  oxygen  and  less  than  %%  carbon  dioxide  has  recently  been  re¬ 
ported  to  extend  the  fresh  life  of  tomatoes  for  up  to  2  months  (11),  Failure 
of  tomatoes  to  ripen  after  exposure  to  high  levels  of  carbon  dioxi.de  has 
been  reported  by  Smith  (12)0 

Laboratory  and  field  studies  conducted  at  NLABS  during  1968  and  19 69 
(13,  Hi)  have  shown  that  the  TECTROL  controlled  atmosphere  system  could 
improve  the  quality  and  storage  life  of  lettuce  during  overseas  shipping, 
distribution  and  consumption  -ti me  of  5>  to  7  weeks. 
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Methods  and  materials. 


The  test  plan  was  designed  to  determine  the  feasibility  of  a  low -oxygen 
system  for  shipping  and  distributing  tomatoes  to  military  organizations 
overseas.  This  involved  holding  tomatoes  at  50°F.  -  55°F.  for  3  to  4  weeks 
and  then  transferring  them  to  a  40°F.  chill  box  for  an  additional  1  to  4 
weeks . 

Four  different  crops  of  tomatoes  from  either  California  or  Florida,  as 
indicated  in  Table  I,  were  obtained  on  the  local  market. 


TABLE  1.  KEY  TO  CODING  OF  FOUR  TOMATO  CROPS  AND  THEIR  STORAGE  PERIODS . 


Tomato  Crop 
Code 

Source 

Picking  Time 
Prior  to  NLABS 
Procurement 

NLABS  Initial 
Holding  Period 
at  50°F.-55°F. 

NLABS  Additional 
Holding  Period 
at  40°F. 

(days) 

(weeks) 

A 

California 

10 

4 

2-4 

B 

California 

10 

3 

2-4 

C 

California 

10 

3 

1-3 

D 

Florida 

4 

3 

1-3 

The  tomatoes  were  US  No.  1  Grade  ranging  in  color  from  number  2 
"Breakers"  to  number  3  "Turning"  as  described  in  Federal  Specification 
HHH-T-576f,  Tomatoes,  Fresh.  On  arrival  at  NLABS  the  boxes  of  tomatoes  were 
randomly  distributed  among  l)  a  low-oxygen  Chest,  2)  a  Control  air  Chest, 
and  3)  a  control  large  chill  box.  The  low -oxygen  and  Control  air  chests  are 
15 *6  cubic  feet  horizontal  refrigerated  boxes,  3 6  7/8  inches  high,  48  l/2 
inches  long  and  27  7/8  inches  deep.  These  chests  are  thermostatically 
controlled  and  each  has  a  fan  for  air  circulation.  The  low-oxygen  chest  has 
in  addition  a  transparent  plastic  lid  for  sealing  the  chest  gas  tight.  This 
plastic  lid  has  inlet  and  outlet  ports  for  gas  exchange.  The  low-oxygen 
chest  and  the  Control  air  chest  were  set  to  operate  at  50°F.  to  55°F.  The 
control  large  chill  box  operated  at  40°F. 

Nitrogen  was  used  to  produce  a  low-oxygen  level  in  the  low-oxygen  chest 
(primarily  nitrogen  with  low  levels  of  oxygen).  Gas  analyses  were  conducted 
on  the  low-oxygen  chest  at  48-  to  66-hour  intervals  throughout  the  storage 
period,  as  required.  A  Fisher  Gas  Partitioner  Model  25  M  was  used  to 
determine  the  percentages  of  the  gases  present  throughout  the  3-  to  4-week 
controlled  atmosphere  storage  period.  Air  was  added  to  the  low -oxygen  chest 
as  required  at  48-  to  66-hour  intervals  to  maintain  the  oxygen  level  withirl 
a  reasonable  range.  Oxygen  ranged  from  2$  to  4$  for  most  of  the  storage  period, 
reaching  a  minimum  of  1.8$  and  a  maximum  of  5*4$.  Nitrogen  made  up  the  differ¬ 
ence,  since  carbon  dioxide  produced  by  respiration  was  scrubbed  out  with 
hydrated  lime  for  tomato  crops  coded  A,  C,  and  D  (Table  l). 


In  the  case  of  tomato  crop  B,  carbon  dioxide  produced  by  respiration 
increased  gradually  from  0  <f>  to  10$  in  the  course  of  the  3 -week  50  F.  -  55°F. 
initial  storage  period,  since  there  wa s  no  scrubbing. 

At  the  end  of  the  3-  to  4-week  storage  period  the  tomatoes  were  removed 
from  both  the  low-oxygen  control  air  chests,  and  held  in  a  large  chill  room 
at  52  F.  for  24  hours.  Then  the  tomatoes  were  placed  in  the  control  large 
chill  box  at  40°F.  At  periods  ranging  from  1  to  4  weeks  later,  quality 
evaluations  were  made  on  the  tomatoes.  Evaluation  of  the  tomatoes  consisted 
of  the  following: 

(a)  Yield  of  good  tomatoes.  -  Separating  good  tomatoes  from  spoiled 
tomatoes.  Determining  the  weights  in  each  case. 

(b)  Spoilage .  -  Describing  the  nature  and  extent  of  the  spoilage  (black 
spot  type  rot,  similar  to  Altemaria  rot,  fungus  rot  including  mold,  fila¬ 
ments,  bacterial  soft  rot). 

(c)  Color.  -  Describing  tomato  color,  using  the  following  methods: 

(1)  Color  photos  and  visual  examination  of  maturity  using  Tomato 
Color  Classification  and  designations  of  the  US  Department  of  Agriculture, 

US  Standards  for  Grades  of  Fresh  Tomatoes  as  amended  October  15,  1961 
(1-Green,  2-Breakers,  3-Turning,  4-Pink,  5-Light  Red,  6-Red  as  described  in 
Appendix  A). 

(2)  A  Hunter  Color-Difference  Meter  Model  D25  Colorimeter  (stand¬ 
ardized  with  a  Hunter  Lab  White  Standard  Wo.  025-1277,  B*93,  a  =0.5,  b  =0.4 
and  CTC  valuo=  -12).  Measurements  were  made  on  tomato  exterio^  bottom,  tomato 
exterior  top  with  stem  cored  out  and  tomato  interior  centers  (tomatoes  sliced 
in  half). 

(d)  Firmness.  -  Testing  tomato  firmness  by  feel  using  the  terms  "firm" 
or  "soft”. 

(e)  Flavor .  -  A  flavor  panel  determining  preference  by  rating  paired 
samples  hedonically  from  1  to  9  (  1  -  dislike  extremely;  2  -  dislike  very  much; 

3  -  dislike  moderately;  4  -  dislike  slightly;  5  -  neither  like  nor  dislike; 

6  -  like  slightly;  7  -  like  moderately;  8  -  like  very  much,  9  -  like  extremely). 

Both  good  tomato  yield  data,  and  flavor  panel  ratings,  were  statiscally 
evaluated  by  the  t  test  for  significant  difference  between  low-oxygen  and 
air  storage  of  tomatoes. 
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Results 


Yield  of  good  tomatoes.  In  three  out  of  the  four  tomato  crops  examined, 
e  significant  reduction  in  tomato  spoilage  was  observed  with  a  resulting  im¬ 
provement  in  yield  (Table  2)  when  low -oxygen  (Controlled  Atmosphere)  was 
used  for  storage.  The  data  also  indicate  that  low-oxygen  storage  had  increased 
the  storage  life  an  additional  2  weeks  in  two  of  the  tomato  crops .  This  has 
been  summarized  by  the  comparisons  in  footnotes  a  and  b  in  Table  2  with  a 
t^ij  level  of  significance. 

Spoilage  -  degree  and  type.  Controlled  Atmosphere  appears  to  have  an 
inhibitory  effect  not  only  on  the  degree  of  spoilage  as  evidenced  in  Table  2 
but  also  on  the  type  of  spoilage  as  evidenced  in  Table  3*  These  data  indi¬ 
cate  that  black  spot  type  rot  similar  to  Altemaria  rot  was  inhibited  by 
low-oxygen  atmospheres  in  all  four  crops.  This  inhibition  in  degree  and  typ- 
of  spoilage  was  found  from  1  to  4  weeks  after  removal  of  the  tomatoes  from 
low-oxygen  atmospheres  to  air. 

Maturity  by  Color.  None  of  the  tomatoes  held  at  40°F.  for  3  to  4  weeks 
ripened.  When  transferred  from  40°F.  storage  to  50°F.  -  55°F.  or  70°F.  stor¬ 
age  all  the  tomatoes  spoiled,  without  ripening,  within  1  week. 

Tomato  ripening  in  terms  of  Visual  Tomato  Color  classifications  for 
NLABS  holding  periods  described  in  Table  1  is  shorn  in  Figure  1.  Color  photo¬ 
graphs  of  these  tomatoes  are  in  NLABS  files.  Crop  B  low-oxygen  stored  tomatoes 
differed  from  the  other  3  crops  in  final  color  (Figure  l)  and  controlled 
atmosphere  storage  conditions.  Carbon  dioxide  produced  by  crop  B  tomato 
respiration  had  not  been  scrubbed  out  and  gradually  increased  from  0$  to  10$ 
during  the  3-week  low -oxygen  period.  This  agrees  with  previous  findings  in  the 
literature  (12)  that  excessive  carbon  dioxide  may  have  a  damaging  effect  on 
color  development. 

\  comparison  of  Visual  Tomato  Color  Classification  scores*  with  Tomato 
Color  Index  (TCI)  calculated  from  Hunter  Colorimeter  L,  aL  and  b^  measurements 
is  shown  in  Table  4.  These  TCI  values  and  Visual  Tomato  Color  Classification 
scores  show  that  after_the  additional  4o°F.  storage,  the  Control  tomatoes 
initially  stored  at  50  P.  -  55°F.  in  air  were  more  uniform  and  redder  in 
surface  color  than  those  initially  stored  in  low  oxygen  at  50°F.  -  55°F. 

Color  inside  tomato.  It  should  be  noted  that  the  average  Tomato  Color 
Index'  (TCI )  gor  the  cut  half  of  9*0  percent  represented  tomatoes  initially 
stored  in  40  F.  air  which  were  greenish-pink  inside;  17.4  percent  TCI  value 
represented  low -oxygen  tomatoes  (initially  stored  at  50°F.  -  55°F.)  which 
were  pinkish-red  inside;  and  23-2  percent  TCI  value  represented  Control 
tomatoes  (initially  stored  at  50°F.  -  55°F»)  which  were  light  red  inside. 

Firmness .  Tomatoes  stored  initially  in  low  oxygen  at  50°F.  -  55°F.  had 
a  firmer  feel  (categorized  as  "firm")  after  transfer  to  air  storage  at  40°F. 
thgn  tomatoes  (categorized  as  "firm"  to  "soft") . stored  initially  in  air  at 
50^ F .  -  55°F*  and  then  transferred  to  air  storage  at  40°F. 


*See  Appendix  A 
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TABLE  2.  EFFECT  OF  LOW -OXYGEN  AND  AIR  (CONTROL)  STORAGE  ON  TOMATO  YIELD 


Crop  _ _ Storage  Times _ _  Average  Yield  Good  Tomatoes** 


Code 
Table  ] 

INITIAL* 

-  at  50° -55° 

(plus)  ADDITIONAL* 

’F  at  40°F  in  (Air) 

When  INITIAL  Storage 
Low-Oxygen 

Was: 

Control 

Signifi¬ 

cance*** 

(weeks) 

(weeks) 

■"W 

(« 

A 

4  (L) 

4  (0) 

plus  2 

"  2 

68.3 

44.9  (a) 

S 

4  (L) 

4  >{C) 

"  4 

"  4 

44.2  (a) 

5-2 

S 

B 

3  (L) 

3  (C) 

"  2 

"  2 

82.3 

.T9- 8 

NS 

3  (L) 
_ 3  (C) 

"  4 

"  4 

49-0 

31.4 

S 

i 

"  1 

"  1 

85.4 

S 

C 

■a 

"  2 

"  2 

83 -7 

4l.l 

S 

HI 

3 

u  3 

TO. 5  Cb) 

23.8 

S 

mm 

"  1 

"  1 

65.8 

64.6 

NS 

D 

3  (L) 
_ 3  (C) 

"  2 

"  2 

56.4 

NS 

3  (L) 

3  (C) 

"  3 

1_ 3 

55-8 

49.8 

NS 

A,  B,  C 

,  D,  Pooled  Averages 

66.1 

45.0 

S 

*  (L)  =  INITIAL  storage  period  in  Low-Oxygen  controlled  atmosphere, 
(c)  INITIAL  storage  period  in  air  (Control). 

ADDITIONAL  storage  was  at  40  F.  in  air. 


**  Based  on  90  pounds  of  tomatoes. 

***  Statistical  analysis,  t.05  level  for  significance.  S  =  Significant,  NS  a  Not 
Significant . 

(a)  Comparison  of  44.2#  with  44-9#  yield  not  significant  at  t  level. 

(b)  Comparison  of  70. 5#  with  53*8#  yield  significant  at  t  level. 
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TABLE  3.  TYPE  OF  SPOILAGE  OBSERVED  AFTER  LOW -OXYGEN  AND  AIR  (CONTROL)  STORAGE 


Crop 

Stora* 

*e  Times 

Type  of  Spoilage** 

Code 

INITIAL*  (plus! 

j  ADDITIONAL* 

When  INITIAL  Storage  Was : : 

Table  i 

1 

at  50°-55°F 
(weeks) 

at  40°F  (in  air) 
(weeks) 

Low-Oxygen  Control 

— 

k  (L)  plus 

2 

FB 

A 

k  (C) 

2 

AFB 

4  (L) 

K 

FB 

4  (C) 

4 

AFB 

3  (TO 

II 

n 

FB 

B 

3  (C) 

It 

2 

AFB 

3  (L) 

II 

k 

FB 

3(C) 

•1 

k 

AFB. 

1 

3  (L) 

3  (c) 

1 

1 

73 

AFB 

C 

3  (L) 

2 

FB 

J  (C) 

2 

AFB 

3  (L) 

3 

AFB 

3  (C) 

.  3 

AFB 

1 

(L) 

1 

FB 

3  (O 

1 

AFB 

D 

3  (L) 

2 

AFB 

3  (C) 

2 

AFB 

3  (L) 

3  (C) 

3 

1 

AFB 

AFB 

*  (L)  -  INITIAL  storage  period  in  Low-Oxygen  controlled  atmosphere 
(  d)  -  INITIAL  storage  period  in  ai£  (Control) 

ADDITIONAL  storage  was  at  kO  F  in  air. 

**  Type  01  spoilage  (15) 

A  -  Black  Spot  Type  Rot  similar  to  Alter naria  Rot 

F  -  Fungus  Rot  Type  (Exclusive  of  BlacK  Spot  Type)  including  mold  filaments 
■B  -  Bacterial  Soft  Rot  Type 
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Visual  Tomato  Color  Classification 


Figure  I.  SKIN  COLOR  OF  TOMATOES  HELD  IN  LOW-OXYGEN 
CONTROLLED  ATMOSPHERE  AND  IN  AIR 


* 


Control  (50°F-55°F)  initial  storage  in  air 
Low-Oxygen  (50°F-55®F)  initial  storage 
Chill  Box  (40°F)  initial  storage  in  air 


Tomato  Crop  C 


p--©-o 

i 

i 

/ 

/ 

/ 


0  2  4  6  8 


Tomato  Crop  D 


oo-o 

/ 

/ 

/ 

/ 

i 


0  2  4  6  8 


*  See  Appendix  a  NLABS  Storage  Period  (Week) 

*■*  See  Special  Note  Appendix  A 
See  Table  1 


TABLE  4.  SKIN  COIX)R  OF  TOMATOES  HELD  IN  LOW-OXYGEN  CONTROLLED  ATMOSPHERE  AND  IN  AIR 


Type  3 -Week 
INITIAL  Storage 


Control 
(50° -5 5  F)  Air 


Tomato  Color 
Classification  * 


Tomato  Color  Itidex  (TCl) 
Tomato  Exterior  Tomato  Cut 
Bottom _ in  Half 


** 

Tomato  Exterior 
Top  (Stem  end) 


6  Red 


<« 


37-8 

(34.3-39-8) 


W 

23.2 

(21.5-24.1) 


(32.1-36.5) 


Low -oxygen 
(50  -55  F) 


5  Light  Red***  31.6 

(29.2-3!).. 8) 


17.4 

(15.1-19.9) 


9-1 

(4.3-15-5) 


Chill  Box 
(40°F)  Air 


3  Turning 


13.5  9*0  5.4 

(10.4-16.7)  (3.2-15.7)  ((-2.8)-7.3) 


*  By  visual  examination  using  the  USDA  scale.  See  Appendix  A. 

**  Tomato  Color  Index  (TCI)  values  calculated  from  L,  aL  and  bT  Hunter  Colori¬ 
meter  measurements  by  the  method  of  McColloch  (8).  The  higher  the  index, 
the  riper  the  color.  The  figure  above  is  the  average.  The  figures  in 
parentheses  represent  the  range. 

***  See  Appendix  A,  Special  Note  on  use  of  "5  Light  Red". 
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Flavor .  Flavor  panels  conducted  on  good  tomatoes  out  of  crops  code  A 
and  code  D  6  weeks  after  receipt  at  NLABS  indicated  the  followings 

(a)  Significant  preference  at  the  t>Qc  level  was  found  for  crop  A  good 
tomatoes  stored  initially  under  low  oxygen/ with  an  hedonic  rating  of  6.8 

as  compared  with  good  tomatoes  initially  stored  in  air  with  an  hedonic  rating 
of  4.0.  It  should  be  noted  that  the  yield  of  good  tomatoes  was  significantly 
higher  for  the  low-oxygen  stored  tomatoes  than  air  stored  tomatoes  (Table  2). 

(b)  For  crop  D  good  tomatoes,  no  significant  preference  was  shown  by 
the  flavor  panel  when  low-oxygen  (initially)  stored  tomatoes  with  an  hedonic 
rating  of  5.1  were  compared  with  air  (initially)  stored  tomatoes  with  an 
hedonic  rating  of  4.9.  For  this  crop  D,  Table  2  indicates  no  significant 
difference  in  yield  of  low-oxygen  stored  and  air  (Control)  stored  tomatoes. 
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Discussion 


An  investigation  has  been  conducted  of  tomatoes  stored  for  the  period 
(3  to  8  weeks)  required  by  the  Department  of  Defense  for  overseas  shipment, 
distribution  and  consumption  of  fresh  produce..  The  quality  characteristics 
examined  in  this  investigation  involve  yield,  type  of  spoilage,  maturity 
by  color,  texture  and  flavor. 

Evidence  has  been  developed  which  demonstrates  that  the  use  of  low 
oxygen  controlled  atmosphere  for  initially  storing  tomatoes  (at  5>0°F.  - 
35>°F,)  results  in  reductions  in  spoilage,  inhibition  of  black  spot  type 
rot  similar  to  Alternaria  rot,  improvements  in  quality  and  increased 
storage  life  up  to  2  weeks .  These  factors  become  significant  when 
comparisons  are  made  with  tomatoes  which  had  been  stored  initially  at 
optimum  £0°F,  -  5>5>°F0  temperatures  in  air. 

The  cost  analysis  estimate  (Table  5)  indicates  that  an  improvement 
in  tomato  yield  of  1,8$  to  3.3$  is  required  to  defray  the  additional  cost 
of  TECTHOL  controlled  atmospheres  in  refrigerated  containers  or  rail  cars 
used  for  shipping  tomatoes.  For  overseas  shipments,  the  improvement  in 
tomato  yields  as  indicated  by  laboratory  data  (Table  2)  is  anticipated  to 
be  much  higher  than  that  required  to  defray  the -additional  cost  of  a  commer¬ 
cially  available  system  such  as  TECTKOL,  for  shipping  fresh  produce  in  re¬ 
frigerated  containers  at  low  levels  of  oxygen  and  carbon  dioxide. 

It  is  concluded  that  there  is  sufficient  laboratory  information  to 
warrant  a  field  test  on  tomatoes  shipped  to  overseas  military  organizations 
in  controlled  atmosphere  refrigerated  container  vans.  This  test  will  demon¬ 
strate  whether  the  available  large  commercial  controlled  atmosphere  con¬ 
tainers  will  give  the  beneficial  quality,  economic  and  increased  storage- 
life  results  that  were  obtained  under  relatively  (low-oxygen,  carbon  di¬ 
oxide  free)  laboratory  conditions «,  A  potential  exists  for  mobile  chill 
storage  as  a  partial  replacement  for  warehouse  storage  overseas.  It  is 
suggested, therefore,  that  consideration  be  given  to  the  possibilities  for 
improvement  in  logistics  by  using  overseas  shore-based  controlled-atmosphere 
generators  for  maintaining  controlled  atmosphere  conditions  in  combination 
\<iS th  controlled  atmosphere  container  shipments  and  that  data  on  the  subject 
be  developed  during  the  field  tost. 
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Table  5o  Cost  Analysis  Estimate 


Tomato  Transport- 

boxes  ation  Cost  Additional 


Shipping  Unit 

per 

unit-x 

Point-to  -P  oint 
shipping  locations 

per  shipp¬ 
ing  unit 

Cost  of 
tomato  es-x-x 

cost  TECTROL 
per  shipment 

(number) 

( dollars ) 

( dollars ) 

(dollars) 

24-foot  Container 

67k 

West  Coast  to  Hawaii 

$803.00 

$3,100.40 

$93.00 

20-foot  Container 

557 

West  Coast  to  Subic 
Bay 

1,411.00 

2,562.20 

85.00 

20-foot  Container 

557 

West  Coast  to  Guam 

1,1*73,00 

2,562.20 

85.00 

24-foot  Container 

67k 

West  Coast  to  Japan 

2,285.00 

3,100.40 

93.00 

35-foot  Container 

9k  8 

West  Coast  to  Repub¬ 
lic  of  Vietnam 

2,610.00 

4,360.80 

115.00 

Rail  Car 

2163 

West  Coast  to  East 
Coast 

302.00 

9,91*9.80 

i75.oo 

40-foot  Container 

1163 

East  Coast  to 
Mediterranean 
(as  Naples) 

2,590.00 

5,350.00 

125.00 

UO-foot  Container 

1163 

East  Coast  to  Europe 
(as  Rotterdam) 

1,886.00 

5,350.00 

125.00 

-x-  Estimated 


**  Cost  based  on  $.  23/lb  tomatoes 


Tomato  Loss 
Reduction  to 
defray  TECTROL 
cost-x-x-x- 
( percent)  ” 

3.00$ 

3.31 

3.31 

3.00 

2.90 

1.76 

2.3k 

2.3k 


-xst*  Minimum  reduction  in  tomato  loss  required  to  defray  additional  cost  of  TECTROL  oer  shipments  based  on 
$. 23/lb  tomatoes 
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APPENDIX  Ao  VISUAL  TOMATO  COLOR  CLASSIFICATION  SCORE  * 


Color  Classification. 

(a)  The  following  terms  may  he  used  when  specified  in  connection  with 
the  grade  statement  in  describing  the  color  of  any  lot  of  tomatoes  of  a  red 
fleshed  variety: 

(1)  Green .  -  --"Green"  means  that  the  surface  of  the  tomato  is  com¬ 
pletely  green  in  color.  The  shade  of  green  color  may  vary  from  light  to  dark. 

(2)  Breakers . -  "Breakers"  means  that  there  is  a  definite  break  in 
color  from  green  to  a  tannish -yellow,  pink  or  red  on  not  more  than  10  percent 
of  the  surface. 

(3)  Turning.  -  "Turning"  means  that  more  than  10  percent  but  not 
more  than  30  percent  of  the  surface,  in  the  aggregate,  shows  a  definite  change 
in  color  from  green  to  tannish -yellow,  pink,  red,  or  a  combination  thereof. 

(k)  Pink .  -  "Pink"  means  that  more  than  30  percent  but  not  more 
than  60  percent  of  the  surface,  In  the  aggregate,  shows  pink  or  red  color. 

(5)  Light  Red.  -  "Light  red"  means  that  more  than  60  percent  of  the 
surface,  in  the  aggregate  shows  pinkish-red  or  red;  provided,  that  not  more 
than  90  percent  of  the  surface  is  red  color. 

(6)  Red.  -  "Red"  means  that  more  than  90  per  cent  of  the  surface 
in  the  aggregate,  shows  red  color. 

(b)  Incident  to  proper  color  classification,  not  more  than  a  total  of 
10  percent,  by  count,  of  the  tomatoes  in  any  lot  may  fail  to  meet  the  color 
specified,  including  therein  not  more  than  5  percent  for  tomatoes  which  are 
green  in  color,  when  any  term  other  than  "Green"  is  specified:  Provided,  that 
any  lot  of  tomatoes  which  does  not  meet  the  requirements  of  any  of  the  above 
color  designations  may  be  designated  as  "Mixed  Color". 


SPECIAL  NOTE  ON  USE  OF  "5  LIGHT  RED"  IN  THIS  REPORT 

On  Table  k  and  Figure  1,  the  "5  Light  Red"  score  for  Low-Oxygen  tomatoes 
represents  tomatoes  with  90  to  100  percent  of  their  surface  pinkish-red  or 
red;  and  not  more  than  90  percent  of  their  surface  is  red.  This  is  a  more 
advanced  stage  of  color  maturity  than  defined  in  the  USDA  Standards  for  Grades 
of  Fresh  Tomatoes  above. 


*Color  designations  of  the  U.S.  Department  of  Agriculture,  U.S.  Standards  for 
Grades  of  Fresh  Ibmatoes. 


16 


DISTRIBUTION  LIST 


Copies 

2  »  Commanding  General 

Defense  Personnel  Support 
Center 

ATTN:  Jim  Burnham 
2800  South  20th  Street 
Philadelphia,  PA*  19101 

1  -  Commanding  General 

Defense  Personnel  Support  Center 
ATTN:  Mr.  Arthur  Solomon 
2800  South  20th  Street 
Philadelphia,  PA.  19101 

2  -  US  Army  Natick  Laboratories  Office 

Defense  Personnel  Support  Center 
ATTN:  Officer  in  Charge 
2800  South  20th  Street 
Philadelphia,  PA.  19101 

1  -  Commander 

Naval  Supply  Systems  Command 
(SUP  063),  Navy  Department 
Washington,  D.C.  20360 

1  -  Commanding  Officer 

US  Navy  Subsistence  Office 
Washington  Navy  Yard 
Washington,  D.C.  20390 

1  -  Commander 

Naval  Ships  Engineering  Center 
ATTN  s  Mr.  Arthur  S.  Childers 
Code  6031/32 
Washington,  D.C.  20360 

1  -  Chief  of  Naval  Research  ( U66) 

Navy  Department 
Washington,  D.C„  20360 

1  -  Commandant  of  the  Marine  Corps 
Headquarters  US  Marine  Corps 
ATTN:  Research  &  Development  Section 
Washington,  D. C„  203 60 


Copies 

1  -  Director 

Defense  Supply  Agency (DSAH-N) 
Cameron  Station 
Alexandria,  Virginia  22300 

1  -  Chief,  US  Army  Food  Service 
Center 

1819  West  Pershing  Road 
Chicago,  Illinois  60609 

1  -  Commanding  General 

Headquarters,  US  Army,  Alaska 
APO  Seattle  987U9 

1  -  Director  of  Research  and 
Development,  Headquarters 
US  Air  Force 
Washington,  D.C.  20360 

1  -  Market  Quality  Research 
Division 

Agricultural  Research 
Service,  USDA 

Belle  Mead,  New  Jersey  08502 

1  -  Market  Quality  Research 
Division 

Horticultural  Crops  Research 
Branch 

Agricultural  Research  Service, 
Plant  Industry  Station 
Beltsville,  Maryland  20703 

1  -  Commander 

Defense  Supply  Agency 

Subsistence  Regional 

Headquarters,  DPSC 

ATTN:  Chief,  Fruits  and 

Vegetable  Branch 

312  N.  Spring  Street 

Los  Angeles,  California  90012 

2  =  Directorate  for  Food  Service 

Office  of  the  Assistant 
Secretary  of  Defense 
ATTN:  Captain  James  A0  Warren 
SC  USN 

Room  2B  323  “The  Pentagon 
Washington,  D0C0  20301 


1 


Copies 


Copies 


2  «  Dr.  Frank  R,  Fisher,  AMPS 

National  Academy  of  Sciences 
National' Research  Council 
2101  Constitution  Avenue 
Washington,  D.  C.  20i+l8 

1  -  Dr,  James  C,  Moyer 

Department  of  Food  Science 
and  Technology 
Cornell  University 
New  York  State  Agricultural 
Experiment  Station 
Geneva,  New  York  1UU56 

1  -  Dr,  Irving  J.  Pflug 

Mayo  Memorial  Hospital 
University  of  Minnesota 
Minneapolis,  Minnesota  56521. 

1  -  Dr,  Joseph  R,  Wagner 

Processing  Technology  Investigations 
Vegetable  Laboratory 
Western  Utilization  Research  and 
Development  Division 
US  Department  of  Agriculture 
Albany,  California  9k 706 


1  -  U.S.D.A. 

Agricultural  Research  Service 
Transportation  and  Facilities 
Research  Division 
Federal  Center  Building 
ATTN:  Mr.  R.  E.  Guilfoy 
Hyattsville,  Maryland  20782 

1  U.S.D.A. 

Transportation  &  Facilities 
Research  Division 
Agricultural  Research  Service 
Federal  Center  Building 
ATTN:  Mr,  D.  R.  Stokes 
Hyattsville,  Maryland  207U2 

1  -  Kai serlautern  Cold  Stores 
US  Army  Supply  and 
Maintenance  Agency 
ATTN:  Major  Gagliardone 
APO  09054  New  York,  N.Y. 

1  -  The  Commander  in  Chief 

Headquarters,  US  Army .Europe 
and  Seventh  Army 
APO  New  York  09103 


1 


1 


1 


Commander 

Headquarters,  US  Army  Materiel 
Command 

Chief,  Ind*  &  General  Equipment  Office 
Development  Directorate 
Washington,  D.  C,  20315 

Commander,  Military  Traffic  Manage¬ 
ment  and  Terminal  Service 
ATTN:  MTMTS-F 
Washington,  D.  C,  20315 

Transfresh  Corp. 

32  E,  Alisal  Street 
Salinas,  California  13901 
ATTN:  Mr«  J„  Lamp 


1  -  US  Army,  S&MA  Zweibruken 
ATTN:  Mr,  R.  D,  Gentzler 
APO  New  York,  N.  Y. 

1  -  Kaiserlautern  Cold  Stores 

US  Army  Supply  and 
Maintenance  Agency 
ATTN:  Mr,  Sidney  Novitch 
AFO  0909k  New  York,  NSY, 

2  -  Commanding  General 

US  Army  Medical  Research  and 
Development  Command 
Main  Navy  Building 
Washington,  D.  C,  20315 

2  -  Transfresh  Corp„ 

32  E.  Alisal  Street 
Salinas,  California  u3901 
ATTN:  Mr.  James  R„  Lugg 


1  -  Office  of  Technical  Services 
U,  S.  Department  of  Commerce 
Washington,  D.  C,  20360 

2 


Copies 

2  -  Whirlpool  Corp 

Research  laboratories 
300  Broad  Street 
St„  Joseph^  Michigan  U9089 
ATTN s  Technical  Director 
Dr0  John  McGill 

1  »  Commander 

US  Arny  Biological  Laboratories 
ATTN  s  Technical  Library 
Fort  Detrick 

Frederick,  Maryland  21701 

1  -  Chief,  Life  Sciences  Division 
Army  Research  Office 
Office  of  Chief  of  Research  and 
Development 

Washington,  D.  C0  20310 

1  -  US  Army  Research  Office 
30h9  Columbia  Pike 
Arlington,  Virginia  22201 

1  -  Defense  Supply  Agency,  DSA-WT 
ATTN:  Mr »  Roland  Priesman 
Cameron  Station,  Virginia  22311 

1  «*  Dre  John  Mo  Harvey 

US  Department  of  Agricultural 
Agricultural  Research  Service 
Market  Quality  Research  Division 
2021  South  Peach  Avenue 
Fresno,  California  93727 

1  -  US  Arny  Depot  Command  Japan 

Subsistence  Branch 
ATTNs  Mr0  James  Do  Wilson 
APO  9 6313^  San  Francisco 

2  -  DSA  Subsistence  Regional  Hdqs, 

Oakland 

ATTNs  Mre  William  S0  Chu 
Deputy  Chief  Supp0 
Alameda,  California  91^01 

1  -  The  Matson  Navigation  0oo 
ATTN:  Mr0  W„  W0  Graham 
100  Mission  Street 
San  Francisco,  California  91705 


Copies 

1  -  HA,  USARJ,  G-l 

ATTN:  Miss  N.  Crowley 
APO  San  Francisco  96313 

1  -  National  Bureau  of  Standards 
Building  Research  Division 
ATTNs  Mr0  Clinton  Phillips 
Room  B“10l,  Building  226 
Washington,  D.  C.  20231 

1  -  Commanding  Officer 

U0  So  Naval  Supply  Depot  Yokosuka 

ATTNs  Lt  R.  E.  Bill 

Fleet  Post  Office,  Seattle  98762 

1  -  Commanding  Officer 

Uo  S.  Naval  Supply  Depot  Yokosuka 

ATTNs  Mr„  Kelly  Woolums 

Fleet  Post  Office,  Seattle  98762 

1  -  Naval  Logistics  Engineering  Group 
ATTN:  Mr,  Je  Brugh 
Cheatham  Annex 

Williamsburg,  Virginia  23189 

1  -  US  Army  Veterinary  Det,  Japan 
Camp  Zama 

ATTNs  Colonel  J«  Grogan 
APO  96313,  San  Francisco 

1  -  Commanding  Officer 
Naval  Supply  Center 
ATTNs  Commander  W0  C,  Hamilton 
Norfolk,  Virginia  23912 

1  -  Research  Development  & 

Engineering  Directorate 
Science  Technology  Division 
ATTNs  Dr„  H.  M0  El-Bisi 
Nassif  Bldg  -  Rm  232 
Washington,  D0  C.  20319 

1  -  The  Matson  Company 

ATTNs  Mr„  Re  M„  Richardson 
Yusen  Building  -  Room  7l9A 
20~2  Chome  Marunduchi 
Chiyoda-Ku,  Tokyo,  Japan 


3 


Copies 

i 

1  -  Commanding  General 

US  Ar%  Medical  Research  and 
Development  Command 
ATTN :  MEDDH-SI 
Washington,  D.  C.  20315 

2  -  Commanding  General 

US  Army  Test  and  Evaluation 
Command 

ATTN  s  AMSTE-BC 
Aberdeen  Proving  Ground , 
Mainland  21005 

1  -  Commanding  General 

US  Army  Combat  Development 
Command 

Combat  Service  Support  Group 
Fort  Lee,  Virginia  23801 

1  -  Commanding  General 

US  Army  Combat  Development 
Command 

ATTN  s  CDCMR-Q 

Fort  Belvoir,  Virginia  22060 

1  -  Commanding  General 

US  Army  Materiel  Command 
ATTN:  AMCRD-JI 
Department  of  the  Army 
Washington,  D.  C.  20315 

2  -  Commanding  Officer 

Edge  wood  Arsenal 
ATTN :  SMUEA-TSTI-TL 
Edge wood  Arsenal,  Maryland 

21010 

1  -  Commanding  Officer 

US  Army  Combat  Development 

Command 

Supply  Agency 

ATTN:  .CDGSA-R 

Fort  Lee,  Virginia  23801 


Copies 

1  -  Commanding  Officer 

US  Army  Medical  Nutrition 
Laboratory 

Fitzsimons  General  Hospital 
Denver,  Colorado  802I4.O 

1  -  Commander 

Defense  .Personnel  Support  Center 
ATTN:  Directorate  of  Subsistence 
DPSC-STS 

2800  South  20th  Street 
Philadelphia,  Pennsylvania  19101 

1  -  Commandant  of  the  Marine  Corps 
Code  AOUD 

Washington,  D.  C.  20380 

1  -  Commandant  of  the  Marine  Corps 

Code  CDE 

Washington,  D.  C.  20380 

2  -  Executive  Secretary 

Interdepartmental  Committee  on 
Radiation  Preservation  of  Food 
Consumer  Products  Division  623 
Business  and  Defense  Service 
Administration 
US  Department  of  Commerce 
Washington,  D»  C,  20230 

2  -  Director 

Development  Center 

Marine  Corps  Development  and 

Education  Command 

ATTN:  Combat  Service  Support 

Division 

Quantico,  Virginia  2213k 


k 


Copies 


Copies 


1  -  Director 

Division  of  Biology  and 
Medicine 

US  Atomic  Energy  Commission 
Washington,  D*  C*  205U5 

1  -  Director 

US  Army  Advanced  Materiel 
Concepts  Agency 
Washington,  D.  C„  20315> 

1  -  Chief,  Life  Sciences  Division 
Army  Research  Office 
Office  of  Chief  of  Research 
and  Development 
Washington,  D.C.  20310 

3  -  Office  of  the  Coordinator  of 
Research 

University  of  Rhode  Island 
Kingston,  Rhode  Island  02881 

1  -  Dr*  Herbert  E.  Hall 

Chief,  Food  Microbiology 
National  Center  for  Urban  and 
Industrial  Health 
Food  Protection  Research 
222  East  Central  Parkway 
Cincinnati,  Ohio  U5>202 

1  ~  Library  Southern  Utilization 
Research  and  Development 
Division 

Agricultural  Research  Service 
US  Department  of  Agriculture 
PO  Box  19687 

New  Orleans,  Louisiana  70119 


1  -  Stimson  Library 

ATTN :  Documents  Librarian 
US  Army  Medical  Field  Service 
School 

Brooke  Army  Medical  Center 
Fort  Sam  Houston,  Texas  7823U 

2  -  Quartermaster  School  Library 

US  Army  Quartermaster  School 
Fort  Lee,  Virginia  23801 

2  -  Technical  Library 

USACDC  Institute  of  Land 
Combat 

301  Taylor  Drive 
Alexandria,  Virginia  223 1^ 

1  -  US  Department  of  Agriculture 

Division  of  Acquisitions 
National  Agriculture  Library 
Washington,  D.  C*  202^0 

2  -  US  Army  Research  Office 

ATTN:  Technical  Library 
30h5  Columbia  Pike 
Arlington,  Virginia  22201; 

2  -  Headquarters  12th  Support 
Brigade 

ACofs  Services 

ATTN:  Food  Advisor 

Fort  Bragg,  North  Carolina  28307 

b  -  Exchange  and  Gift  Division 
Library  of  Congress 
Washington,  D„  C.  20$h0 


5 


FOOD  LABORATORY  INTERNAL  DISTRIBUTION  LIST  -  PLANT  PRODUCTS 


Copies 

2£  -  Chief,  Technical  Plans  Office,  NLABS 

(20  for  transmittal  to  Defense  Documentation  Center) 

2  -  Technical  Library,  NLABS 

10  -  Program  Coordination  Office,  Food  Laboratory,  NLABS 
7  -  Division  Chiefs,  Food  Laboratory,  NLABS 

-  Marine  Liaison  Officer,  NLABS 

3  -  Air  Force  Liaison  Officer,  NLABS 

1  -  Director,  Earth  Sciences  Laboratory,  NLABS 

2  -  Director,  General  Equipment  and  Packaging  Laboratory,  NLABS 

3  -  .Director,  Pioneering  Research  Laboratory,  NLABS 

-  Food  Laboratory,  NLABS 


6 


UNCLASSIFIED 

Security  Classification 


DOCUMENT  CONTROL  DATA  -  R  &  D 

(Security  classification  ol  title,  body  ol  abstract  and  Indexing  annotation  muat  be  entered  when  the  overall  report  la  cloaaltled) 


1.  ORIGINATING  ACTIVITY  (Corporate  author) 

U.  S.  Army  Natick  Laboratories 

20.  REPORT  SECURITY  CLASSIFICATION 

UNCLASSIFIED 

Natick,  Massachusetts  OI760 

26.  GROUP 

3.  REPORT  TITLE 

CONTROLLED  ATMOSPHERE  SYSTEM  LABORATORY  STUDIES  ON  TOMATOES 

4.  DESCRIPTIVE  NOTES  (Typo  ol  report  end  Inctualve  dntoa) 

15.  AUTHOR(S)  (Flrut  narno,  middle  Initial,  leal  name) 

Harold  Gorfien,  Abdul  R.  Rahman,  George  Taylor,  and  Donald  E.  Westcott 


0.  REPORT  DATE 

70.  TOTAL  NO.  OF  PAGES 

7b.  NO.  OF  REFS 

February  1970 

16 

15 

0 a.  CONTRACT  OR  GRANT  NO. 

On.  ORIGINATOR'S  REPORT  NUM"BER(S) 

b.  PROJECT  NO. 

70-58-FL 

PE2270.3 

C. 

Ob.  OTHER  REPORT  NOlSI  (Any  other  numbers  that  may  bo  aool&nod 
thlo  report) 

d. 

FL-108 

10.  DISTRIBUTION  STATEMENT 


This  document  has  been  approved  for  public  release  and  sale;  its  distribution 
is  unlimited. 


11.  SUPPLEMENTARY  NOTES 


12.  SPONSORING  MILITARY  ACTIVITY 

U.S.  Army  Natick  Laboratories 
Natick,  Massachusetts  01760 


13.  ABSTRACT 


Laboratory  tests  were  conducted  to  determine  the  effect  of  low-oxygen  controlled 
atmosphere  (which  is  carbon  dioxide  free)  on  tomatoes.  Storage  periods  approximating 
the  extended  overseas  distribution  time  of  3  to  8  weeks  as  required  for  military  ship¬ 
ments  were  used.  The  tests  showed  that  the  use  of  low  oxygen  controlled  atmosphere 
would  lead  to  significant  reductions  in  spoilage,  inhibition  of  black  spot  type  rot 
similar  to  Alternarla  rot,  improvements  in  tomato  quality,  and  as  much  as  2  weeks 
additional  storage  life,  when  compared  with  tomatoes  Initially  stored  in  air  at  the 
same  optimum  50°F.  -55°F«  temperatures''*  These  factors  became  apparent  from  1  to  4  week^ 
after  transfer  of  the  tomatoes  from  low  oxygen  controlled  atmospheres  to  40°F.  air. 

The  break-even  point  to  defray  the  additional  cost  of  a  commercially  available  con¬ 
trolled  atmosphere  method  of  shipping  is  estimated  to  be  in  the  range  of  1.8$  to  3*3$ 
Improvement  in  tomato  yield.  Data  developed  in  this  investigation  indicate  that  im¬ 
proved  tomato  yields  on  overseas  shipments  of  tomatoes  may  be  anticipated  to  be  more 
than  enough  to  defray  the  additional  cost  of  such  a  system,  for  shipping  fresh  produce 
in  refrigerated  containers  at  low  levels  of  oxygen  and  carbon  dioxide. 

It  is  concluded  that  sufficient  information  has  been  developed  to  warrant  a  field 
test  on  tomatoes  shipped  in  Controlled  Atmosphere  containers  to  military  organizations 
overseas . 


FORM 

5  N©V  C 


,1473 


RSPLAeEB  DO  POKM  1478.  1  JAN  04.  WHICH  10 
ODC0LG TE  POH  AHMV  U0K. 


UNCLASSIFIED 


Security  Classification 


UNCLASSIFIED 

Security  Classification 


